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Abstract 
 
The select results of experimental investigations of the cross flow fan functional models made of different plastics have been presented in 
this paper. An analysis of the possible effects of an appearance of unprofitable (undesirable) flow phenomena influencing on a decrease of 
cross flow fan efficiency has been carried out. An influence of a kind of plastics used as constructional materials of this two steps flow 
machine as well as an interpretation of its influence on the dimensionless coefficients characterizing a cross flow fan performance have 
been considered. 
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1. Introduction 
 
The industrial scale of plastics production started more than 
100 years ago when Leo Hendrik Baekeland invented Bakelite, a 
polymeric plastic made from phenol and formaldehyde. From the 
50th last century the world production of plastics has been 
growing up about 9% every year and the greatest increase in 60th 
has been reached. The plastics production about 1.5 mln tons in 
1950 has reached 245 mln tons in 2008, Fig.1. The visible break-
down of curves describing the world and European productions 
from 260 mln tons in 2007 to 245 mln in 2008 indicates probably 
the reduction caused by the world crisis. 
A mass plastics application has utilized their processing 
facility specially in forming the products having very complicated 
shapes. It gives possibility to produce not only daily using 
products but very special parts of equipments applied in different 
branches of industry. 
An application of plastics, characterized by a small specific 
gravity, as constructional material of some select industrial 
products allows to reduce their mass and to obtain similar or 
sometimes even higher parameters than for materials which have 
been used till now. 
 
 
Fig. 1. World production of plastics[1]  
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The six times mass reduction in case of steel and three times 
in case of aluminium cause the significant decrease of logistics 
costs as well as the costs of elements which strengthened the 
construction for erection of heavy equipment of industrial 
installations. Relatively low energy-consuming of processing and 
modern technologies of production have reduced the costs of 
mass production and in consequence the unit price. 
It is worth to notice that all technological processes have 
required the suitable conditions of processing because the 
physical and chemical properties of plastics have a great 
importance in different applications. In other case a product could 
not be as good quality as it should be. The adequate choice of 
plastic guarantees suitable durability and reliability of elements of 
industrial goods. 
Some plastics apart from numerous advantages such as 
processing facility have an ability to create disadvantage physical 
phenomena which could be eliminated or reduced by suitable 
additives. 
 
 
2. The range of research of functional 
cross flow fan models  
 
The cross flow fan made of plastics shown schematically in 
Fig 2, consists of a bladed impeller located inside of casing 
shaped in the way which provided the air flow perpendicularly to 
the impeller axis over the whole its length. The air stream crosses 
twice the blading and generates two steps of compression what 
results in relatively high value of dimensionless total pressure 
coefficient ψ. Because the length of impeller is a multiple of its 
diameter so this type of fan can generate the high values of flow 
rate φ. 
 
 
 
Fig. 2. Cross flow fan made of plastics 
 
The cross flow fan models having similar but not identical 
geometry and various basic dimensions: L – impeller length, D2 – 
outer impeller diameter have been made of different plastics. 
Details of the stands description and measurement methods used 
during investigations are presented in papers [2, 3].  
The first test of cross flow fan model (L/D2 = 400/200) made 
of two different plastics: casing and sidewalls made of polyvinyl 
chloride (PVC) and profiled blades of impeller made of epoxy 
resins, did not bring expected effects. In spite of relatively great 
outer impeller diameter the cross flow fan did not generate stream 
flow. It means that an air stream was sucked in but even the 
impeller has rotated the air ejection was not observed. This 
situation could be a result of use of inadequate plastics for 
construction of cross flow fan elements from one side and from 
the other the spiral shape of casing which caused not enough 
place for free stream flow at outlet part of fan. This phenomenon 
could be explained following: the impeller has been made of 
plastic characterizing by the high specific resistance which allows 
the static charges to maintain on the blades surfaces for longer 
time. It means that the impeller have been negatively charged but 
the air stream positively charged had tendency to give up 
electrons to plastic surfaces. The rotation of impeller has 
intensified the friction and this has resulted in increasing of a 
charge. The blade passages (the blades as mentioned above 
negatively charged) have filled with positively charged air and the 
great part of air stream “has stuck” to the plastic surfa ce of casing 
in suction as well as in discharge channel of fan. 
Some probes of improvement of a cross flow fan geometry 
as well as a suitable choice of plastics as constructional materials 
for its elements to get better structure of flow allowing to obtain 
the higher values of volumetric flow rate and in consequence a 
higher efficiency have been undertaken. The next four models 
with identical geometry, resulting from many investigations 
carried out with use of different experimental methods: flow 
visualization, measurements of structure of flow field and 
performance parameters, have been tested. All models had the 
same impeller dimensions: L = 450 mm, D2 = 100 mm and the 
same casing in form of integral spiral. Moreover, the different 
plastics: modified polyvinyl chloride, polyvinyl chloride with 
small roughness, polyethylene and acrylic were used as 
constructional material. 
 
 
3. Analysis and interpretation of 
experimental results 
 
To indicate an influence of some physical phenomena on the 
fan operating conditions only some selected results of the cross 
flow fan functional models made of different plastics have been 
presented. The cross flow fan with casing made of modified 
polyvinyl chloride formed in the shape of shutter (the elements of 
casing were moulded as several parts of shutter) and the side 
walls were made of layer composite PVC and polyvinyl chloride 
plates has been tested. The obtained values of parameters 
characterizing the fan performance have been rather unacceptable. 
For purpose of efficiency increasing the plastic surfaces have 
been covered by antistatic fluid.  
The higher values of volumetric stream flow 
•
V [m
3 s
-1] and 
total pressure difference Δpc [Pa] at similar values of static 
pressure difference Δps [Pa] have been achieved when the plastic 
surfaces have been covered by antistatic fluid (see Table 1). 
Particularly it was visible at higher rotational speeds of the 
impeller, where almost 215% increase of volumetric stream flow 
has been observed in comparison to 16% obtained at lower 
rotational speed. Antistatic fluid used on the plastic surface has  
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reduced a specific resistance of surface and in consequence has 
caused a dissipation of static charge on it. Because plastics 
characterizing by a small wettability so it is necessary to search a 
suitable solvent to antistatic that after evaporation the active 
substance should cover a surface. 
 
Table 1.  
Some selected results of cross flow fan investigations 
 
The same model with surfaces covered by antistatic fluid 
was tested after two years and only some results have been 
marked (*) in Fig 3, where the curves describing variation of the 
total efficiency ηc and the dimensionless power coefficient λ as 
the functions of flow coefficient for the cross flow fan WPU 
450/100 at the rotational speed n = 16.67 s
-1 are shown.  
The dimensionless parameters are defined as follows:  
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where:  () 60 2 2 D n u ⋅ ⋅ = π  – circumferential velocity measured at 
the outer diameter of the impeller, [m s
-1], P – power measured on 
fan shaft, [W], ρ – fluid (air) density [kg m
-3]. 
 
In static equilibrium (motionless) plastics have a neutral 
static electric indifference assured by a balance between positive 
charges of atomic nucleus building a plastic and negative charged 
electrons [4]. Friction, rubbing or flow have generated an 
irregular distribution of electrons on a plastic surface. An ability 
to keep on a surface the active charges have exhibited plastics, 
which have specific resistance higher than 10
9Ω. Modified 
expanded polyvinyl chloride strengthened by glass fibre 
possessing specific resistance about 10
14Ω as constructional 
material of one model has reduced significantly a volumetric flow 
rate of air. This situation was a result of irregular distribution of 
charges intensified by impeller rotation and has caused a sticking 
of a stream part to surfaces of elements made of plastic. In 
consequence a visible change of flow structure inside of tested 
cross flow fan has been observed. Only a small volumetric flow 
stream has flowed into the outlet part of fan because from one 
side the main part of an air stream has rotated inside of the 
impeller and inside of the blade channels with the same rotational 
speed and from the other a phenomenon of partially stream 
sticking in outlet channel has reduced the cross section. The 
decrease in volumetric flow rate means the same as decrease of 
cross flow fan capacity and of course its efficiency.  
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Fig. 3. Total efficiency ηc and power coefficient λ versus flow 
coefficient φ for WPU 450/100 
 
As a consequence of friction the charges have separated and 
the air particles obtain different charge as collected on plastic 
surface. A resultant vector of two forces: one acting in the 
direction resulted from the movement caused by outer conditions 
and a second force directed towards the surface of fan element, 
has operate on each air particle. In the case of fan made of plastics 
(dielectrics) the motions of air particles have deflected from the 
main flow direction. 
In order to verify the influence of plastics on flow structure 
determining the cross flow fan performance defined by 
dimensionless parameters, the graph showing the changes in total 
efficiency ηc as function of flow coefficient φ have been analyzed, 
Fig 4. The casings and side walls of tested models were made of 
different plastics: modified polyvinyl chloride, polyvinyl chloride 
forming very smooth surface, polyethylene and acrylic but the 
impeller was the same in every case made of polyvinyl chloride. 
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Fig. 4. Total efficiency vs. flow coefficient for different plastics 
CROSS FLOW  FAN 
WPU 450/100 
n = 7.5 [s
-1] 
 
WPU 450/100  WPU 450/100 (A) 
Δps [Pa]
  Δpc 
[Pa] 
•
V [m
3/s] 
Δpc 
[Pa] 
•
V [[m
3/s] 
0.00/0.04 2.20 0.096  2.97  0.112 
5.70/6.60 7.40 0.052  7.50  0.060 
  n = 21.75 [s
-1] 
57.40/55.90 59.90  0.102 67.10  0.217 
59.60/60.1 60.50  0.062 69.20  0.195  
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The most advantageous flow structure indicating the 
possibility to get the highest value of efficiency (maximal value 
ηc  =  35%) has been reached in the range of flow coefficient 
change: φ = 0.7 ÷ 1.4 for the cross flow fan made of polyvinyl 
chloride characterized by the smallest surface roughness. The 
lowest value of efficiency has been obtained for model made of 
acrylic forming a rough surface. For two tested models: one made 
of polyvinyl chloride forming the smallest surface roughness and 
the second made of acrylic, in the range of flow coefficient less 
than 0.6 the similar but lower values of efficiency have been 
achieved. Laminar flow around the plastic surfaces with low 
velocities close to elements (lower volumetric flow rate) causes 
that the influence of roughness is not so important. 
 
To confirm the occurrence of undesirable flow phenomenon 
relies on the decreasing of the flow rate values of air discharged 
by different models of cross flow fan measured at the same 
rotational speed n, and caused by different surface roughness 
which generated various friction and in consequence non-
homogenous distribution of electric charges, some selected curves 
ηc = f(φ) shown in Fig 5, have been analyzed. The arithmetic 
average roughness (Ra)av has been determined by two parameters: 
profile of roughness measured in a transverse direction (TM) and 
a longitudinal direction (LM), respectively. For surfaces made of 
polyvinyl chloride with different roughness the following 
parameters have been obtained: PVC-1 {TM = 7.08, LM =7.02}, 
PVC-2 {TM = 8.50, LM =3.03}, PVC-3 {TM = 5.87, LM =1.25}, 
PVC-4 {TM = 0.50, LM =0.50}, PVC-5 {TM = 5.32, 
LM = 5.22}[5]. 
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Fig. 5. Variation of total efficiency as a function of flow 
coefficient for PVC  forming different roughness 
 
Taking into consideration that electrons can remove not only 
between the surfaces but between an element surface and a gas in 
direction compatible with the tribological series, from which 
results that polyvinyl chloride has bigger inclination to generate 
electric negative charge than for example polyethylene and 
therefore has a bigger ability to electrostatic attraction of 
a  positive charged air stream. Thus a relatively big difference 
between the values of efficiency obtained for the models of cross 
flow fan made of both plastics: polyethylene and polyvinyl 
chloride (see Fig 4)  
Analyzing the research results shown in Fig 5 it may be 
found that the surface roughness has significant influence on the 
fan capacity. Comparison between values of efficiency has 
indicated that model made of polyvinyl chloride forming high 
smoothness has reached bigger values of ηc in the whole tested 
range of flow coefficient φ – as an effect of small friction. For 
example for flow coefficient φ = 0.5 the efficiency has increased 
twice from ηc = 24% for PVC-2 to ηc = 50% for PVC-4. 
 
 
4. Results 
 
The higher values of volumetric flow rate (flow coefficient) 
obtained for the model possessing plastic surfaces covered by 
antistatic fluid have confirmed the hypothesis presented in paper 
[2], that electrostatic field generated on surfaces of elements made 
of plastics had rather important influence on flow process. 
Particularly it could be visible at the higher rotational speeds of 
the impeller. More significant effect of electrostatic forces could 
be seen in the case of model possessing the bigger surface 
roughness of the casings and the side walls. When the smoothness 
of the element surfaces made of the same plastic has increased, 
the increase of total efficiency could be observed. 
So big difference of total efficiency as a result of decreasing 
of the surface roughness of cross flow fan elements indicates that 
the choice of suitable material seems to be very important for an 
acceptable construction. Therefore a special attention should be 
paid to the surface quality of this flow machine and technology of 
its production, required by application in cooling systems working 
in difficult outer conditions characterized by high humanity and 
low values of temperature. 
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